In the present study, we explore an environmental tax reform for Austria as an instrument to achieve the main objectives of the current Austrian Climate and Energy Strategy #mission2030. Our concept aims at a dual objective of reducing CO 2 -eq emissions, while simultaneously further triggering innovation processes of the Austrian industry, resulting in a transfer of benefits to society. The focused measures at the national level to achieve climate protection comprise an increase of the mineral oil tax and the introduction of CO 2 -eq taxation for non-EU-ETS sectors. These taxes create revenues which are recycled through 1) reductions of non-wage labor costs for companies, 2) compensation transfers for private households of low-and middle-income groups, 3) investment in research and innovation for industry and 4) investments in key technologies to advance #mission2030, such as alternative propulsion systems (electric, H 2 ), and the use of biomethane for space heating and thermal renovation. Results of simulations for the period 2020 to 2025 via a macro-sectoral model display the potential for multiple dividends if the revenues are reused this way. Furthermore, besides offering significant reductions of CO 2 e emissions, the proposed reform triggers positive impacts on GDP, employment, and private consumption, thereby ensuring social compatibility.
Introduction
The increasingly alarming rate of environmental dysfunction and degradation and the resulting costs for achieving climate protection goals require a reorientation of existing climate mitigation policies towards the use of environmental and green taxes. On the one hand, these taxes create revenues that can theoretically be used by governments to increase their spending on environmental protection or for a more efficient management of natural resources. On the other hand, deficits of existing fiscal regimes such as high burdens derived from labor taxes and social contributions demand a fundamental transformation of the tax system. The substantial impact that these and other fiscal constraints have on both national budgets and the target population(s) are a contentious topic of debate in the public domain, and are increasingly finding their way back into the core of public opinion. As such, they merit a thorough analytical contribution in order to validate and inform a more accurate and refined factual public debate.
The combination of the taxation of the production factors "environment" and "labor" leads to the concept of environmental tax reform (ETR) developed by Binswanger et al. [1] [2] . This idea covers a (gradual) government spending-neutral shifting of taxes from the production factor "labor" to the production factor "environment". On the basis of the double-dividend theory, revenues generated by green taxation can be recycled back into the system so as to positively stimulate macroeconomic variables. The ecological dividend corresponds to the improvement of the state and function of the natural environment, whereby the economic dividend is based on increasing economic efficiency by the reduction of non-wage labor costs and income taxes. This may then contribute to increased job creation or to reduced unemployment [3] [4] [5].
The distributional impacts on industries and households can be central, since these groups habitually provide high levels of political influence. The introduction of environmental taxes will place a direct burden on households and businesses, while the benefits of the reform-the reduction of environmental pollutants-will not be detectable within the most immediate future and their accountability will be long term. This means that politicians who are maximizing their popularity [6] will have to bear the costs immediately while the benefits will occur in the long run making it difficult for the voter to understand why he should support an environmental tax reform. For the average short-sighted individual voter, direct and short-term concerns such as job security and economic well-being are often of greater and more immediate concern than long-term ecological objectives [7] [8] . This broader timeframe gives the environmental benefits the character of a public good: Everyone benefits from it but some individuals bear the costs. A socially acceptable redistribution of the tax revenues should be chosen as lower income earners, for whom the share of expenditure on energy is particularly high, would face a higher tax burden. The political feasibility of an ecological tax reform depends on several conditions [9] : 1) The ecological tax reform must be revenue-neutral. 2) Unemployment should not 
Background

Environmental Tax Revenues in Austria
The common approach of the European Commission, the OECD and the Inter- and their volume has tended to decline in recent years. The significance of the revenue obtained from environmental taxes within a country can be displayed by the indicator of "environmental tax share" in total tax revenues (including social contributions). Over the period between 1995 to 2016, the share of environmental tax of the total tax revenue rose from 5.5% to 6.0%. In 2005, the share was at 6.6% [16] . In other words, despite the increasing volume of environmental tax revenues, their share has remained stagnant and their relative importance has recently decreased.
CO2-eq Emissions in Austria and Targets of the National Climate and Energy Strategy #mission2030
Data from the Austrian Federal Environmental Agency [17] reveals that Austria emitted 79.7 million tons of CO 2 -eq (MtCO 2 -eq) in 2016. As depicted in Table 2, these developments induced an increase in emissions of 1.3% compared to the 1990 Kyoto base year levels, and an increase of 1.0% compared to 2015 levels.
Emissions from the non-emissions trading sector in 2016 amounted to 50.6
MtCO 2 -eq and thus have increased by 2.7% since 2015. The reasons for this S. Goers, F. Schneider Sources: Federal ministry for sustainability and tourism, Austrian ministry for transport, innovation and technology [11] ; Austrian federal environmental agency [17] .
development are, in particular, the strong increase of fossil fuel use in the transport sector and higher heating requirements of buildings due to weather conditions [17] . Austria's current climate and energy strategy #mission2030 aims to reduce domestic CO 2 -eq emissions by 36% by 2030 compared to 2005 levels. For the non-EU ETS sector, a level of 36.4 MtCO 2 -eq is aimed at for 2030, which implies a reduction of around 28%. Increasing energy efficiency and the intensive usage of renewable energy sources are the main strategies for achieving the abovementioned reduction [11] . Further, the focus of CO 2 -eq abatement relies particularly on the transport and building sectors, where the greatest reduction potential exists. With a share of 46% of total CO 2 -eq emissions (non-EU ETS sector), transport is currently the sector with the highest CO 2 -eq emissions. To meet the overall target by 2030, the #mission2030 strategy foresees a reduction by 7.2 to 15.7 MtCO 2 -eq in 2030. The expansion of the pioneering role in vehicle propulsion using electricity or other alternative means of combustion, and public transport are identified as possible measures in #mission2030 [11] . Therefore, a carbon-reduction pathway should be adopted which is compatible with the goal of a fossil-free mobility by 2050. Additionally, significant potential for carbon emissions reduction is expected in the building sector. Possible measures include thermal renovation-which can give economic impulses to domestic industries-the abandonment of fossil fuels and the switch to renewable energy sources in new buildings, and highly efficient district heating systems for existing buildings. This would reduce carbon emissions by 5 MtCO 2 -eq by 2030 [11] . In the energy and industry sector (excluding installations covered by the EU ETS), an innovation boost should be triggered by the promotion of energy effi-ciency measures and the widest possible transition to renewable energy sources or electricity-based processes. In the agricultural sector, CO 2 -eq reductions are planned through the use of renewable fuels and efficient propulsion systems in agricultural machinery and fertilizer applications. With regard to waste management and fluorinated greenhouse gases, EU legislation (F-gas regulation) and Austrian measures (implementation of the Circular Economy Package) are seen as instruments to achieve the necessary carbon emission reductions [11] .
Methodological Approach
The effects of the proposed environmental tax reform (ETR) were examined using the macro econometric multi-sectoral model MOVE2. The time series-based simulation model MOVE and its successor MOVE2 were developed at the Energieinstitut at the Johannes Kepler University in Linz (Austria). These models allow the estimation of various economic and structural changes within Austria and the analysis of economic, environmental and energy-related effects based on different political and/or investment decisions. MOVE2 focuses on energy-related issues, which enables comprehensive and complex studies of all aspects of the national energy market. All endogenous variables are explained by stochastic equations, and the economic relationships are revealed through the use of time series. Therefore, the model draws on the economic structures of the past to simulate certain changes in future scenarios. The specified theory-based equations are estimated using econometric methods (seemingly unrelated regressions) and implemented in the model structure. In addition to the stochastic equations (or, in the economic context "behavioral equations") the model incorporates identities of equations, which specify the model. MOVE2 contains 330 equations and 476 variables to perform the simulations. The economic module covers 13 economic sectors including private households. Within the energy module, 24 energy sources are modeled. Since the use of energy implicates the generation of GHG emissions, MOVE2 also contains an emissions tool which calculates the changes in emissions due to the energy consumption in Austria. In particular, the development and interactions of the macroeconomic variables, i.e. gross domestic product, investments, employment, and private consumption are displayed. Regarding the interpretation of the results, we must emphasize that the simulation result displays the difference of the two development paths of the model, namely the difference between the "business-as-usual" scenario and the "simulation" scenario representing the implementation of the proposed ETR. 
Concept of an Environmental Tax Reform for Austria
Revenue Raising Components
On the revenue side, an increase of the mineral oil tax on diesel and petrol by S. Goers, F. Schneider €0.1/liter and the introduction of a CO 2 -eq tax in the non-EU ETS sector (excluding the transport sector) of €25/tonne CO 2 -eq were defined as revenue raising instruments of the ETR. These measures are aimed at making the use of fossil fuels and the use of CO 2 e-containing energy sources more expensive and allocating the external effects of emissions of CO 2 , CH 4 Further, targeted carbon taxation has been applied in ten EU Member States:
Denmark, Estonia, Finland, France, Ireland, Latvia, Portugal, Slovenia, Sweden and Poland. However, these CO 2 taxes cover only a small share of the overall tax rate on energy and are below 10 €/t CO 2 . Sweden and Finland provide significant exemptions with CO 2 components of 118 €/t CO 2 and 62 €/t CO 2 , respectively [23] . In consideration of previous simulation analyses of CO 2 e taxation for Austria [14] [15], the introduced explicit carbon tax amounts to 25 €/t CO 2 e in the present analysis.
Simulation results show that the increase of the mineral oil tax on diesel and petrol and the introduction of a CO 2 -eq tax generate additional revenues of approx. €1.8 billion in the period from 2020 to 2025. In order not to weaken economic growth, revenues are recycled to regulated companies and households.
Revenue Recycling Components
Through the revenue recycling scheme, the purchasing power can be maintained and growth stimuli for the economy can be generated. The implementation of investment measures triggering an increase in the use of renewable energies and energy efficiency is an important pillar of the ETR. As a result of their investment character, positive economic multi-round effects may result. The revenue recycling scheme includes the reduction of non-wage labor costs for companies as well as compensation transfers to private households. In addition, further revenue recycling measures involve investment in research, development and innovation, and investment in key technologies (vehicle propulsion using electricity and renewable H 2 , use of biomethane for space heating, thermal renovation) for the implementation of the Austrian climate and energy strategy #mis-sion2030.
Reduction of Non-Wage Labor Costs
Reducing non-wage labor costs can decrease unit labor costs, thus weakening the substitution of labor with capital and limiting illegal work. This results in positive employment effects, which can lead to an increase in private consumption through a higher wage bill. In addition, a reduction in non-wage labor costs induces an improvement in international competitiveness. These developments intensive foreign trade such as Austria. For our simulation analysis, the amount to reduce non-wage labor costs is set to €250 million per year.
Compensation Payments for Private Households
Depending on the respective energy consumption and mobility behavior, a compensation transfer system for private households is considered, which can mitigate the extra burden on low and middle-income households in particular.
Taking into account data of Statistic Austria [24] on the income tertiles and energy use of households for purposes of use (room heating, hot water, cooking and other) reveals that the CO 2 -eq tax implies yearly additional burdens of €73
for low-income households, €93 for mid-income households and €122 for high-income households. Furthermore, private households face additional costs due to the increase of the mineral oil tax on diesel and petrol products. The approximation of the possible burden relies on data from Statistic Austria on the number of diesel and petrol cars of private households, their fuel consumption and average annual mileage of first-time passenger cars [25] . An average annual mileage of approx. 13,800 km and thus annual additional costs of € 129 per first car per household can be derived.
Based on these calculations and the assumption of 3.9 million households in Austria, an annual compensation transfer of €250 for the "low" and "middle household income" tertiles can provide these two with complete compensation for additional costs as well as an increase in net income. For high-income households, however, the ETR would imply higher costs.
Investment in Research and Innovation for Further Development and Strengthening of the Industry
The core objective of research funding is to develop innovative and holistic solutions for challenges stemming from a low-carbon energy transition, and to introduce them quickly into the market. The aim is to increasingly adopt new trends (e.g. digitalization, energy storage) to maintain and expand technological competencies for the transformation process in the energy sector of industry, and to improve export opportunities for innovative energy technologies. The Austrian energy-intensive industry is one of the most energy-efficient in the world and has already invested in a large number of emission-reducing measures in the past. Thus, further efficiency measures represent a major challenge for companies and therefore imply high investments [26] . At the same time, the industry sector plays a significant role for economic growth and foreign trade in Austria. The production of goods in 2016, at around €54 billion, generated about 27% of the Austrian gross value added. Hence, adaptation measures are needed to circumvent competitive disadvantages for sectors with high energy cost and high external trade intensities (such as metal production and processing, chemical industry) as part of the ETR. This fact is addressed by recycling €250 million per year for investment in research and innovation in the industry sector within the simulation analysis.
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Investments in Key Technologies of Austria's Climate and Energy
Strategy #mission2030 With regard to the objectives set out in #mission2030, we implement investment subsidies for initiatives on alternative propulsion systems (electric, H 2 ), the use of biomethane in the space heating sector, and thermal renovation, as elements of the revenue recycling scheme.
Within the promotion of alternative propulsion systems, we provide a direct takeover of the additional investment costs for 20,000 electric vehicles per year, 5000 hydrogen vehicles per year, and the electricity charging infrastructure and renewable hydrogen production required. Drawing from Refs. Based on the fact that natural gas is an important source of energy in Austria and a densely developed natural gas distribution network is already in place, #mission2030 advocates for the successive substitution of natural gas by H 2 and biogas alternatives [11] . The analyzed ETR also covers the feed-in of 2400 GWh of biomethane per year in the households' space heating sector, as a substitute for natural gas and heating oil. Assuming biomethane production costs of 0.15 €/kWh leads to average costs of€ 100 million per year.
A further important flagship project of the #mission2030 strategy is thermal renovation of buildings. Against the background that currently space and water heating in residential and commercial buildings cause about 16% of Austrian CO 2 -eq emissions in sectors outside the EU ETS, thermal renovation offers great potential for decreasing the energy demand in those areas [11] . The budget allocated for the recycling of the revenues derived from this building renovation measures amounts to €350 million per year, and accounts for energetic and economic parameters of thermal refurbishment in Austria [30] .
Overview
The analyzed ETR for the period 2020-2025 covers revenue raising and recycling measures as presented in Table 3 . Special emphasis was placed on revenue neutrality.
Simulation Results
Macroeconomic Impacts
The recycling of the revenues generated by the proposed environmental tax reform (ETR) to different sectors of the Austrian economy provides incentives for climate-friendly consumption and investment. The dynamic simulation analysis for the period 2020-2025 reveals positive macroeconomic effects in the form of a higher gross domestic product (GDP) and an increase in employment.
These developments are mainly the result of investment impulses and an increase of consumption of private households. In the short term (from 2020 to Table 4 and Figure 1 illustrate these results.
As displayed in Figure 2 , the sectoral degree of aggregation offered in the model does not reveal any additional burdens of energy-intensive areas in terms of lower investment activity. These results show that the intention of the proposed ecological tax reform-to lower the burden on energy-intensive sectors of the economy through innovation and investment subsidies-is fulfilled.
Environmental Impacts
There is also an incentive-based environmental effect displayed by a significant decline in CO 2 -eq emissions. The increase in energy prices for petrol and diesel and the implementation of a CO 2 -eq tax combined with the investment promotion of key technologies and innovative production processes lead to a significant reduction of GHG emissions averaging 3.3 MtCO 2 -eq per year. Based on the revenue-raising and recycling components of the ETR defined in Section 4, the following drivers for CO 2 -eq mitigation can be identified and are displayed in Figure 3 : − Reduced use of fossil energy in the space heating sector through the use of biomethane and the implementation of thermal renovations; − impact of the CO 2 -eq tax and innovation support on fossil energy consumption in households and the economy; − Reduced use of fossil fuels through increased mortality rates and investment incentives for alternative propulsion (e-and H 2 mobility) on household and company levels.
As mentioned in Section 2, the Austrian Climate and Energy Strategy #mis-sion2030 aims to achieve a GHG emissions level of 59.3 MtCO 2 -eq by 2030 [11] , S. Goers, F. Schneider Figure 4 illustrates these findings.
Fiscal Impacts
The government's budget also faces positive effects. The proposed ETR is designed to be revenue-neutral, which implies that the revenue generated on the revenue side roughly corresponds to the monetary reimbursements to households and the economy on the costs side. Nevertheless, there are additional revenues from taxes (value added tax, payroll tax) and social security contributions as a result of the impulses on the level of employment and thus on the total wage bill and private consumption as shown in Table 5 .
Conclusions
The paper explores how an environmental tax reform (ETR) in Austria can contribute to reduce CO 2 -eq emissions and to implement selected key measures of the current Austrian Climate and Energy Strategy #mission2030, leading to a higher use of renewable energy and increased penetration of energy efficiency.
Drawing from findings in economic theory and studies of ETR in Austria, it is necessary to design a system that corrects distributional problems and maintains the right environmental and economic incentives, while ensuring social acceptance and political feasibility. non-EU ETS sector (excl. transport), as well as a revenue recycling scheme focusing on compensations for low-and middle-income household groups and the industry and triggering alternative propulsion systems (electric, H 2 ), the use of biomethane for space heating and thermal renovation via investment subsidies.
The simulation results show that, at the aggregated national level, the ETR would generate positive impacts on the gross domestic product, employment, private consumption and investment. A significant reduction of CO 2 -eq emissions averaging 3.3 MtCO 2 -eq per year is achieved by the implementation of targeted fiscal instruments, key clean technologies and innovative production and energy efficiency processes.
However, sectors of the economy and household groups may be affected dif-ferently. The results show that the intention of lowering the burden on energy-intensive sectors of the economy through innovation and investment subsidies via revenue recycling is accomplished by the proposed ETR. Further, lowand middle-income households could be able to increase their net income in addition to full coverage of additional cost burdens due to the direct compensation payments.
It should be noted that the measures and volumes analyzed within the study are to be understood as indicative in order to exemplify the possible positive macroeconomic and ecologic effects stemming from such an environmental tax reform as outlined in this study. The concrete revenue raising and recycling components have to be decided through the corresponding political process and legislative procedures. However, the study provides another indication that at the national level an environmental tax reform is a meaningful tool for creating a more accurate, efficient, and targeted domestic climate and energy policy.
